Functional staging of ADP/ATP carrier translocation across the outer mitochondrial membrane.
The ADP/ATP carrier (AAC) is the major representative of the inner membrane carrier proteins of mitochondria that are synthesized without cleavable presequences. The characterization of the import pathway of AAC into mitochondria has mainly depended on an operational staging system. Here, we introduce two approaches for analyzing the import of AAC, blue native electrophoresis and folding-induced translocation arrest, that allow a functional staging of AAC transport across the outer membrane. (i) Blue native electrophoresis permits a direct monitoring of the receptor stage of AAC and its chase into mitochondria. Binding to this stage requires the receptor protein Tom70 but not Tom37 or Tom20. (ii) A fusion protein between AAC and dihydrofolate reductase can be selectively arrested in the general import pore complex of the outer membrane by ligand induced folding of the passenger protein. Cross-linking demonstrates that the arrested preprotein is in close contact not only with several receptors and Tim10 but also with the channel protein Tom40, providing the first direct evidence that cleavable preproteins and carrier preproteins interact with the same outer membrane channel. The staging system presented here permits a molecular dissection of AAC transport across the outer mitochondrial membrane, relates it to functional units of the translocases, and indicates a coordinated and successive cooperation of distinct translocase subcomplexes during transfer of the preprotein.